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Abstract. The energetics of polyelectrolyte conformation at differently polarized interfaces is 
discussed.  Microencapsulation techniques (gel, droplet, emulsion, dehydration methods) are presented. 
Microcapsules of carotenoids are presented.  
 
 
THEORETICAL ASPECTS 
 
Food Biotechnology has to provide methods to offer the consumer foods of high 
quality: sound, durable, and preserving taste and color over a certain time, and simultaneously 
to be economically affordable. In recent years technologies have been transferred to food 
technology which has been developed in pharmaceutical technology. Starting from 
macroencapsulation (tablets) the technology extended to microencapsulation, i.e. molecular 
aggregates in the dimension of micrometers are entrapped into intoxic polymer shells (usually 
biopolymers) which are designed to release the drug at the right place at the right time.  
Microencapsulation applied to food requires the knowledge of some basic biophysical 
and biochemical knowledge which helps to choose the suited method and materials among the 
many published techniques and commercial offers. Mechanically and chemically the capsule 
material and the entrapped food component must fit to each other. Microencapsulation is not 
only used to entrap food components but it is also used to establish effective conditions to 
prepare or to preserve food or to concentrate food compounds. Pigments, enzymes and cells 
often are the matter to be entrapped for that. The encapsulation material usually are 
biopolymers. A big variety of biopolymers is in use. Many of them since years have been 
used as thickeners. As an example, tomato ketchup must have rheological properties which 
gives it a high consistency when applied to food but a low one when coming under shear 
stress as it happens in the mouth. This is achieved with the addition of the biopolymers 
xanthan or various carrageenans. To adjust rheologic properties of food generally 
macromolecules, polymers, polyelecrolytes and colloidal particles are used.  
Nature showed us how microencapsulation works and how effective it is with respect 
to the human sensorial system. The tasty substances of kaviar are entrapped in the small fish 
eggs of the sturgeon and are released when the tiny eggs break under the shear stress in the 
mouth. Vilgis [1] showed that the Kaviar principle we can simulate experimentally. How is 
that possible? Let us look to the physics of polyelectrolytes. These are chainlike molecules 
which at various sites along the chain bear one kind of electrical charges, either positive or 
negative, let’s say negative ones for demonstration. The polymers are “macro-ions” which are 
soluble in water. In solution they assume a more stretched conformation as the negative 
charges repulse each other. If you add a salt, e.g. sodium chloride, the negative polymer 
charges are shielded by the sodium-ion of the dissociated salt, and the stretching effect is 
compensated proportional to the salt concentration. If you, instead of monovalent ions add 
bivalent ones, say Ca2+, they occupy rapidly the negative polymer charges and impose a 
resulting positive charge there, which will bind another negative polymer charge. The 
consequence is a solid intra-polymer network, and at higher Ca2+ concentration also inter-
polymer networks. [1] This demonstrated in Fig.1.      
 
Fig. 1. Conformations of a polyelecrolyte [1] 
a) Bivalent calcium ions (yellow) added to the polymer serve to form an intra-polymer network 
b) a very high concentration of  calcium ions causes a hardening of the forming globules 
c) a well adjusted intermediate calcium concentration creates globules with a hard outer sphere and a more soft 
interior space. This state can also be obtained if the high protein concentration as applied in Fig. 2c is maintained 
only for a short time and the globules are washed out.  
 
Globules of the type as sketched in Fig. 1c are able to entrap soft matter like flavors or 
pigments that is relevant for food biotechnology. Another more complicated type of 
molecules which is to be entrapped for certain applications are proteins. They are themselves 
polymers, not consisting of only one kind of brick but of twenty, the twenty different amino 
acids. They possess very different properties. Structurally most important are two: the amino 
acids are either polar (hydrophilic) or unpolar (hydrophobic). Protein folding is mainly 
determined by that. A protein inserted into an aqueous environment is conformed as shown in 
fig. 2 from left to right.  
 
Fig. 2. Amino acids brought into an aqueous medium arrange themselves spontaneously as shown from left to 
right with time [1] 
 
The hydratic shell of the protein determines essentially its conformation. Marinading 
meat, with citric acid e.g., destroys the hydratic shell and penetrates into the disrupting pH 
bridges denaturing the protein, a kind of pre-digestion. The meat becomes softer but pale, 
therefore marinades mostly contain compensating pigments like paprika. These properties 
also determine the microencapsulation techniques for proteins. In situations where the protein 
is exposed to an inhomogeneous solution of hydrophilic and hydrophobic components its 
conformation will adapt as shown in Fig. 3. [1]   
 
Fig.3. Copolymers consisting of hydrophilic (red) and hydrophobic (yellow) parts localize at an interfaces which 
separates a hydrophobic volume (upper part) from a hydrophilic volume (lower part).[1]  
Left: Weak localization of the polymer at the interface: Energetically most favourable for the polymer is to take 
a conformation of high entropy while the hydrophilic monomer locates in the hydrophobic environment.  
Right: Strong localization of the polymer at the interface: Energetically most favourable for the polymer is to 
localize at the interface so that the hydrophobic (hydrophilic) parts of the polymer touch the hydrophobic 
(hydrophilic) side of the interface.  
 
MICROCAPSULES OF CAROTENOIDS 
 
 The principle demonstrated in Fig.3 determines the shape of microcapsules. In their 
study on microencapsulation of lycopene by spray drying Shu et al. [2] used a mixture of 
gelatine and sucrose as wall material, as Zhu et al. [3] did to encapsulate ß-carotene. The 
encapsulated lycopene decayed only by 10% after four weeks while the control lost 90%.  Fig. 
4 shows images of spray-dried lycopene containing microcapsules which have been taken by 
scanning electron microscopy [2]. Fig. 4.A shows smooth spherical shapes of a mean 
diameter of 5 µm. The “bee net” structure shown Fig.4.B results from breakage under liquid 
nitrogen, no more smooth capsules reform. The wall stabilizing effect of lycopene got lost. 
The hydrophobic/hydrophlic interface as shown in Fig.3 disappears more or less after removal 
of oxygen and water.  
 The encapsulation of ß-carotene from seabuckthorn juice has been made in furcelleran 
beads. [3] Furcelleran, a copolymer of ß- and κ-carrageenan, is an anionic sulphated 
polysaccharide extracted from the red algae Furcellaria lumbricalis. The strongest firmness 
was obtained at a molar Furcelleran: KCl ratio of 1:4. The encapsulation efficiency of ß-
carotene in furcelleran  was 97%.  
 The application of microencapsulation is limited to aqueous media. It is performed 
with semipermeable polymer membranes. The usual membrane pore size ranges from 1 to   
 
Fig. 4. SEM images of spray-dried lycopene microcapsules [2]. (A) under air; (B) under liquid nitrogen.  
100 nm, which is sufficient to prevent leakage of pigments, volatile flavours, enzymes and 
cells, but allows substrates to dialyse freely across the membrane. In contrast to the 
encapsulation of pharmaceuticals, it is difficult to significantly improve a food production 
process so as to make it economically profitable. [4]  
 
CARRAGEENAN BASED ENCAPSULTION TECHNIQUES 
 
Carrageenan has a long history of safe food application and it is not necessary to 
specify an acceptable daily intake limit. Carrageenan is a generic name for a family of gel-
forming and viscosifying polysaccarides, which are obtained by extraction from certain 
species of the red seaweeds (Rhodophyta). The presence of gel-inducing counter ions 
increases the stability of the gel beads, whereas the beads dissolve in reaction with media of 
low ionic strength. The different techniques for the encapsulation of molecules or cells into 
carrageenan beads are mostly based on one of the four methods: gel method, droplet method, 
emulsion method, and dehydration method. [4]  
The simplest one is the gel method. An aqueous solution of carrageenan is heated 
above its gel temperature and then mixed with the material to be entrapped. After cooling 
down the gel can be displayed in any shape by cutting or shredding or moulding or other 
shaping techniques. The limitation of this method is the thermosensitivity of the core material. 
To produce strong gels this technique is only applicable to thermostable material to be 
entrapped.  
No heating is needed for applying the droplet method. The carrageenan is dissolved in 
distilled water and mixed with the bio-matter resulting in a suspension of low ionic strength 
and viscosity which dropwise is extruded into a stirred potassium chloride solution using a 
syringe [5] or a nozzle [6]. The technique produces spherical gel beads with an average 
diameter in the range of a few millimetres. A limitation is that the beads will dissolve when 
they are transferred to a media of low ionic strength. This may be avoided by cross-linking the 
gels with glutaraldehyde or other cross-linking agents. [4]  
The emulsion method like the gel method is restricted to thermostable bio-matter. To 
the suspension of carrageenan and the bio-matter a heated, non-reactive food-grade oil phase 
(e.g. canola oil or soybean oil) is added. The two phases are vigorously mixed to obtain 
droplets which then are gelled by lowering the temperature. The oil then is decanted and the 
beads are washed out with an appropriate solution. By controlling the stirring rate and the 
addition of emulsifiers this method is well suited to prepare beads of a well defined size. [4,7]  
The dehydration method is used for application in non-aqueous solutions. The 
carrageenan beads are prepared by the droplet or the spray drying method and then 
dehydrated by drying or lyophilisation. Immersing the dehydrated gels in an aqueous solution 
of enzymes or cells results in swelling of the gel beads embedding the bio-matter. [4]  
 
OLEOSOMES 
 
Nature itself produces microencapsulations. Seeds of oleagineous plants store oil in 
lipid bodies with diameters in the range of a few µm [8], surrounded by a layer of polar lipids 
embedded in supramolecular complexes. Seabuckthorn berries store oils in seeds and pulp. 
These oil bodies (oleosomes) are integrated in the pectin network. [9] The monolayer of these 
oleosomes contains amphiphilic molecules, mainly phospholipids, proteins and carotenoid-
lipoprotein complexes. From raw juice of  seabuckthorn berries two olesome rich fractions 
were separated by centrifugation. The upper, less dense fraction is shown on the top of Fig.5, 
the lower more dense fraction in Fig.5 down. Their volume ratio is abut 1:3. The light fraction 
contains more voluminous olesomes (up to 20 µm) and  is richer in carotenoids and lipids 
than the heavier one, but less stable under day light illumination and more subjected to 
peroxidation. The heavy fraction contains smaller oleosomes (about 2 µm) but is of 
considerably higher stability because it is integrated into a dense pectin network. If this is 
destroyed by a pectinase the oleosome stability gets lost. These results point to a new, 
technologically not yet exploited, second level of encapsulation: Microcapsules, as obtained 
in the ways discussed above, can be stabilized and processed better if they get bound to each 
other by a web of structured proteins or other polymers. The second level of encapsulation 
now can be to encapsulate a piece of an olesomes containing web of that kind into a new 
larger body, the wall of which is of a similar composition as the oleosome confining layer. 
This is an analogous situation to what is known from multilayer liposomes. This could be a 
 
                                        
 
                          
 
Fig.5. Microscope images of two oleosome fractions (magnification 400x, from [9]). Top: Low density fraction. 
Down: High density fraction 
quantitatively very effective way to use carotenoids in processing steps where they otherwise 
decay.  Monica Trif is going to do a first step to encapsulate oleosomes [9] as they are shown 
in Fig.5 (down). Candidates for the wall material will be alginate and carragenean or mixtures 
of them. It is expected that the stability of the carotenoids in the encapsulated oleosomes 
against light, temperature, pH and other enviriomental and processing conditions exceeds 
those of the not encapsulated oleosomes. 
 Other landmarks of microencapsulations of biomoleces and cells are available. [11-15]   
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